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CLAIMS 



[Claim(s)] 

[Claim 1] The light source A reflecting grating board with which two or more reflecting 
gratings of a predetermined configuration were formed at constant pitch or an angle A 
transition lattice board with which two or more light transmission grids of a 
predetermined configuration were formed at constant pitch or an angle A photo 
detector which receives a reflected light image which outgoing radiation was carried out 
from said light source, penetrated said light transmission grid, and was reflected by said 
reflecting grating It is the optical encoder equipped with the above, and it is the grid of 
a predetermined configuration in which said light transmission grid board and said 
photo detector were made by common semiconductor substrate, and said photo detector 
was formed at constant pitch or an angle, and is characterized by detecting the direction 
of relative displacement and speed of said transition lattice and said reflecting grating 
based on a detecting signal obtained from each photo detector. 

[Claim 2] An optical encoder characterized by forming said photo detector and said 

light transmission grid in said semiconductor substrate by turns in claim 1. 

[Claim 3] It is the optical encoder characterized by being a slit for optical passage which 

formed said light transmission grid in said semiconductor substrate in claim 2, or the 

thin film portion for light transmission formed in the semiconductor substrate 

concerned. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the optical 
encoder which can be small, and can constitute in a compact and can detect the location 
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of a migration body etc. with a sufficient precision. 
[0002] 

[Description of the Prior Art] The detection equipment which detects rotation of a 
migration body or movement magnitude is called a rotary encoder or a linear encoder, 
and generally, it is constituted so that the movement magnitude of the migration body 
which moves united with a transition lattice board may be detected based on quantity of 
light change of the transmitted light to [ a transition lattice board and a stationary grid 
board are arranged between the light source and a photo detector, passes the transition 
lattice and stationary grid which are formed in these grid boards, and ] a photo detector 
from the light source. 

[0003] What is necessary is just to make a grid pitch small, in order to realize the 
encoder of a high resolution since the resolution of the optical encoder of this 
configuration is decided by the grid pitch. However, if the crevice between a transition 
lattice board and a stationary grid board is not made small according to it, either, in 
order to make a grid pitch small, a S/N ratio will fall by the leakage of light. Moreover, 
if crevice fluctuation between the grids accompanying migration of a transition lattice is 
not made small, either, a S/N ratio will fall. 

[0004] Since there is a limit in control of making the crevice between grids small, and 
crevice fluctuation, in order to avoid the fall of the S/N ratio resulting from leakage and 
crevice fluctuation of light, the method of using a parallel ray is effective. The optical 
encoder equipped with such lens optical system is also known that what is necessary is 
just to use lens optical system, such as a collimate lens, for making emission light from 
the light source into parallel light. However, the light source currently generally used in 
the optical encoder is LED, and since LED is not the point light source, it is difficult to 
obtain a high-definition parallel ray. Moreover, in order to add lens optical system, the 
part and an equipment size will become large. 

[0005] On the other hand, the method of realizing the optical encoder of a high 
resolution using the diffraction phenomena of light is learned. In the encoder by this 
method, the movement magnitude of a migration body is detected based on change of 
the light income in the diffraction generated in case the grid of a minute pitch is made to 
penetrate the light by which outgoing radiation was carried out from the point light 
sources, such as semiconductor laser, and parallel Guanghua was carried out with the 
lens and parallel light penetrates a grid, and the photo detector resulting from 
interference. When this method is adopted, compared with the encoder of the above- 
mentioned configuration, a grid pitch can be made small, and since distribution of the 
light by interference is close to a sine wave, accurate electric division can be performed. 
However, since the grid itself and an equipment device are asked for high degree of 
accuracy, there is a defect that an equipment price is high and the reliability of the 
semiconductor laser used as the light source is low. 

[0006] Next, as an optical encoder, it lets a lens pass and the spatial filter encoder which 
carries out image formation to the photo detector which arranged the image of a 
transition lattice in the shape of a grid is proposed in JP,6-118088,A by this application 
people. It is possible to be able to acquire the signal near a sine wave, therefore to raise 
resolution according to the screen effect, by this method, using a divider, since the 
harmonic content of the signal produced by grid migration can be negated. However, 
when a grid pitch is made small, it is difficult to raise the contrast of a light-receiving 
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light figure, and in order to use lens optical system, there is a defect that an equipment 

size becomes large. 

[0007] 

[Problem(s) to be Solved by the Invention] Here, it is "application of ITS to the image 
formation analysis and displacement measurement of a grating" (it SPIE(s)). The 136th 
volume, the 1st Council of Europe about the application to the measuring study of 
optics (1977), The 325-332nd page 0 [ "ANALYSIS ] OF GRATING IMAGING AND 
ITS APPLICATIONTO DISPLACEMENT METROLOGY" and SPIE Vol.136 1 st 
European Congress on Optics Applied to Metrology (1977), The theory of a three-sheet 
grid and the application to displacement measurement are reported to pp.325-332. The 
movement magnitude of a reflecting grating is detectable by an index grid board and a 
reflecting grating board being confronted, arranging the source of luminescence, and a 
photo detector behind an index grid board, and outgoing radiation being carried out 
from the light source, penetrating the index grid of an index grid board, being reflected 
by the reflecting grating of a reflecting grating board, and detecting the light which 
penetrated the index grid again by the photo detector as indicated by this report. 
[0008] According to this configuration, even if it enlarges the gap of an index grid and a 
reflecting grating, the effect on the contrast resulting from ****** and crevice 
fluctuation of these grids does not almost have effect in contrast, either. 
[0009] Therefore, if based on the theory of the three-sheet grid using a reflecting 
grating, the optical encoder of a high resolution which does not receive effect in 
extensive ** of the gap of a stationary grid and a transition lattice or fluctuation of the 
gap concerned is realizable. 

[0010] However, in applying to an optical encoder, the following technical problems 
which should be solved occur. 

[0011] first, in the encoder of this structure, the source of luminescence and a photo 
detector are arranged behind an index grid — required — by a certain **, structure is 
complicated and there is a trouble that quantity of light detection efficiency is also low. 
Moreover, to use as an encoder, in order to detect the migration direction of the 
migration body for detection, it is required to make the signal with which at least two 
photo detectors were used, and the phase shifted mutually by 1/4 phase. However, it is 
difficult to realize the configuration which takes out the signal with which the source of 
luminescence and at least two photo detectors have been arranged behind an index grid, 
and the phase shifted from these photo detectors to it by 1/4 phase. 
[0012] In view of such a point, based on the theory of the three-sheet grid using a 
reflecting grating, the technical problem of this invention is small, can be constituted in 
a compact, and is to realize the optical encoder which can detect passing speed and the 
migration direction (migration location) moreover. 
[0013] 

[Means for Solving the Problem] this invention person by making a grid and a photo 
detector to a common semiconductor substrate under this idea Generation of a signal of 
a ******** A phase and a B phase is enabled only in about 1/4 phase. [ required in 
order to detect the migration direction of a migration body ] With, it came to invent a 
compact optical encoder by small [ for detecting movement magnitude of a migration 
body ], without receiving effect in extensive ** of a gap of a reflecting grating and a 
transition lattice, and fluctuation of the gap concerned. 
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[0014] Namely, a reflecting grating board with which, as for this invention, two or more 
reflecting gratings were formed at the light source, and constant pitch or an angle, A 
transition lattice board with which two or more light transmission grids were formed at 
constant pitch or an angle, It is the optical encoder which has a photo detector which 
receives a reflected light image which outgoing radiation was carried out from said light 
source, penetrated said light transmission grid, and was reflected by said reflecting 
grating. It is made by said light transmission grid board and semiconductor substrate 
with said common photo detector. Said photo detector is a grid formed at constant pitch 
or an angle, and it is characterized by detecting the direction of relative displacement 
and speed (migration location) of said transition lattice and said reflecting grating based 
on a detecting signal obtained from each photo detector. 

[0015] Here, said photo detector and said light transmission grid can be formed in said 
semiconductor substrate by turns. In this case, said light transmission grid can be used 
as a slit for optical passage formed in said semiconductor substrate, or a thin film 
portion for light transmission formed in the semiconductor substrate concerned. 
[0016] 

[Embodiment of the Invention] The example of the optical linear encoder which applied 
this invention to below with reference to the drawing is explained. 
[0017] Drawing 1 (a) - (c) is drawing showing the outline configuration of the optical 
linear encoder of this example. If it explains with reference to these drawings, the 
optical linear encoder 1 of this example consists of fundamentally LED2 as the light 
source, a semiconductor migration board 3 with which a transition lattice and a photo 
detector are made, a stationary grid board 4 of a reflective mold, and the control circuit 
section 5. The photo diode 32 (shading portion in drawing 1 (c)) as the pinstriped grid 
31 for light transmission and pinstriped photo detector of fixed width of face is formed 
in the direction of a plane by turns in the fixed pitch so that it may mention later to the 
semiconductor migration board 3. The pinstriped reflecting grating 41 of fixed width of 
face is arranged by the stationary grid board 4 in the direction of a plane in the fixed 
pitch at surface 4a by the side of light-receiving. 

[0018] The control circuit section 5 is equipped with the signal-processing section 51 
which forms the A phase signal and B phase signal with which the phase shifted by 1/4 
phase based on the detecting signal of photo diode 32, the operation part 52 for 
calculating migration information, such as passing speed of the semiconductor 
migration board 3, and the migration direction, based on these A phases and a B phase 
signal, the display 53 which displays the result of an operation, and the lamp 
mechanical component 54 which carries out feedback control of the drive of LED2. 
[0019] In addition, the above-mentioned operation part 52, the display 53, and the lamp 
mechanical component 54 of your connecting as an external circuit, without building in 
the control circuit section 5 are natural. 

[0020] The cross-section configuration of the slit formation portion for light 
transmission of the semiconductor migration board 3 and a photo diode formation 
portion is shown in drawing 2 . The light transmission mold transition lattice 31 of the 
pinstriped pattern which carried out constant width in the fixed pitch is formed of dirty 
removal so that this semiconductor migration board 3 may be equipped with the 
semiconductor substrates 33, such as a silicon substrate, and this semiconductor 
substrate 33 may understand it from drawing 2 (b). 
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[0021] The photo diode 32 of the pn junction which consists of semiconductor substrate 
portion 34 concerned and a boron dope layer 35 formed by doping boron from this 
surface is made by the portion of the semiconductor substrate which remains between 
each transition lattice 31 in the semiconductor substrate 33 so that drawing 2 (a) may 
show. Of course, photo diode 32 may be made to the semiconductor substrate 33 by 
methods other than this. 

[0022] The electrode layer 36 made from aluminum is connected to the boron dope layer 
35 of each photo diode 32, and the same common electrode layer 37 made from 
aluminum is connected to the semiconductor substrate 33 side. Of course as an electrode 
material, conductive materials other than aluminum can be used. 

[0023] It is insulated between the electrode layer 36 and the semiconductor substrate 33 
by the insulating layer 38 which consists of silicon oxide. Moreover, the exposure 
surface of the semiconductor substrate 33 is covered with silicon oxide in order to 
secure endurance. Similarly, the surface of the boron dope layer 35 is also covered with 
silicon oxide. 

[0024] In thus, the direction which is made to unite the semiconductor migration board 
3 with a measuring object object (not shown), and intersects perpendicularly with an 
optical axis L in the constituted linear encoder 1 of this example And if it is made to 
move in a slit and the array direction of photo diode, first, the outgoing radiation light 
from LED irradiates the back of the semiconductor migration board 3, will pass the 
grid 31 for light transmission currently formed in the semiconductor migration board 3 
concerned, and will irradiate the reflective mold stationary grid board 4 in the shape of 
plaid. 

[0025] Since the reflecting grating 41 of the same width of face of a fixed pitch is formed 
also in the stationary grid board 4, as for the light which irradiated the stationary grid 
board 4 concerned, only an exposure portion is reflected in each reflecting grating 41. A 
reflecting grating image irradiates the semiconductor migration board 3 again, and is 
received by the pinstripes-like photo diode 32 currently formed with the constant width 
of a fixed pitch. Thus, in this example, the pinstriped grid 31 for light transmission and 
the photo diode 32 which were formed in the semiconductor migration board 3 function 
as two grid boards. Therefore, based on the theory of the three-sheet grid using a 
reflecting grating, light income changes in the shape of a sine wave in photo diode 32 
corresponding to the relative displacement of a reflecting grating 41 and a transition 
lattice (31 32). Therefore, based on the photocurrent of photo diode 32, the pulse signal 
corresponding to relative-displacement speed can be obtained, and relative- 
displacement speed can be calculated based on the pulse rate of the pulse signal 
concerned. 

[0026] Moreover, as shown in drawing 1 (a), it is also possible to generate an A phase 
signal and only for 1/4 phase to generate the B phase signal with which the phase shifted 
based on total of the output of the even-numbered photo diode based on total of the 
output of the odd-numbered photo diode. The migration direction of a transition lattice 
can be distinguished based on the signal of these two phases. 

[0027] Thus, in the optical linear encoder 1 of this example, since the transition lattice 
and the photo detector are made by the semiconductor manufacturing technology and 
the grid of a minute pitch can be manufactured, the encoder of a high resolution is 
realizable. 
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[0028] Moreover, since the photo detector formed in the shape of pinstripes at constant 
pitch functions as a grid and the grid concerned itself moreover has the lens effect, there 
is no necessity of using lens optical system, and the miniaturization of equipment can be 
attained. 

[0029] Furthermore, by the theory of a three-sheet grid, since extensive ** of the crevice 
between a reflecting grating and a transition lattice and fluctuation of the crevice 
concerned do not have a bad influence on resolution, the tuning for securing the 
installation precision of the member in which these are formed can be simplified, and 
constraint of an installation location decreases. 

[0030] In addition, since the gap of a reflecting grating and a transition lattice can be 
made large, there is an advantage, like it also becomes possible to contain a reflecting 
grating side to a protective case etc., for example, and to raise a resistance to 
environment. 

[0031] (Array of a photo detector) The pinstriped grid 31 for light transmission formed 
in the semiconductor migration board 3 and the example of an array of photo diode 32 
are shown in drawing 4 . 

[0032] The example shown in drawing 4 (a) is the so-called example of character 
arrangement of a rice field, and the fields 301-304 where the pinstriped grid for light 
transmission and pinstriped photo diode were formed in four places by turns so that it 
might become the shape of a character of a rice field are formed in semiconductor 
substrate 3A. Here, an A phase signal is acquired from the photo diode group of a field 
301, and a B phase signal is acquired from the photo diode group of the field 302 which 
has shifted to 1 / 8 pitch longitudinal direction to this field 301. 
[0033] In the location of the field 301 bottom, the reversal signal of an A phase is 
acquired from the photo diode group of 1 / 16 pitch gap ****** field 303 in a 
longitudinal direction to the field concerned, and similarly, it is constituted so that the 
reversal signal of a B phase may be acquired from the photo diode group of 1 / 8 pitch 
gap ****** field 304 in a longitudinal direction to the field 303 concerned. 
[0034] The example shown in drawing 4 (b) is an example of train arrangement, and the 
fields 401-404 of four trains are formed in the direction which intersects 
perpendicularly in the migration direction of the substrate concerned at semiconductor 
substrate 3B. The pinstriped grid for light transmission and pinstriped photo diode are 
formed in the top field 401 by turns in the fixed pitch towards the substrate migration 
direction. As for the field 402, 1/8 pitch gap ******, the grid for light transmission, 
and photo diode are formed in the longitudinal direction by turns to the field 401. As 
for the field 403 of this field 402 bottom, 1/16 pitch gap ******, the grid for light 
transmission, and photo diode are formed in the longitudinal direction by turns to the 
top field 401. 

[0035] Furthermore, as for the field 404, 1/16 pitch gap ******, the grid for light 
transmission, and photo diode are formed in the longitudinal direction by turns to the 
field 402. An A phase signal is acquired from the photo diode group of a field 401, a B 
phase signal is acquired from the photo diode group of a field 402, the reversal signal of 
an A phase is acquired from the photo diode group of a field 403, and the reversal signal 
of a B phase can be acquired from the photo diode group of a field 404. 
[0036] Drawing 4 (c) is the example of grid arrangement, and three fields 501-503 are 
formed in the migration direction (longitudinal direction) of semiconductor substrate 
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3C in two or more fields at a fixed gap, and drawing. Pinstriped light transmission 
partial 31C (portion shown with a slash) and pinstriped photo diode 32C formed among 
these are formed in each field in the pitch fixed by turns. 

[0037] Between the adjoining fields 501 and 502, if between fields 502 and 503 is made 
into one pitch, as each field has the width of face of 1/2 pitch and shows it there at 
drawing 4 (d), four photo diode 32C is formed. The width of face of each photo diode 
32C is 1/16 pitch, and the gap of photo diode is 1/8 pitch. Although the crevice between 
1/32 pitches is open between the photo diode of right-and-left both sides, and a field 
boundary, this crevice is not limited to 1/32 pitch. 

[0038] In addition, the ratio of the grid for light transmission or a light transmission 
portion, and each width of face of photo diode is not limited to 1:1, either. 
[0039] (The improvement method of a S/N ratio) Next, since light is irradiated from the 
rear-face side, the dark current increases and the photo diode 32 formed in the 
semiconductor migration board 3 of the above-mentioned configuration has a 
possibility that a S/N ratio may fall. What is necessary is just to perform it as follows, in 
order to avoid this evil. 

[0040] What is necessary is just to carry out the laminating of the reflective film 
(protection-from-light film) which is from materials, such as aluminum and gold, on the 
rear-face, i.e., the light source, side in the semiconductor migration board 3 by methods, 
such as vacuum evaporationo, as shown in drawing 5 . In this case, if a reflective film is 
formed also in the side portion of photo diode 32, an effect will become good more. In 
drawing, the dotted line has shown the field which can form a reflective film. 
[0041] (The formation method of a light transmission portion) He etches a 
semiconductor migration board in the direction which intersects perpendicularly to the 
surface, and is trying to form a slit by dry etching in the above-mentioned example. 
Instead, the wet etching which is the cheap manufacture method is also employable. In 
this case, it becomes the anisotropic etching resulting from crystal orientation, and the 
slit of the side which inclined to the semiconductor substrate surface as shown in 
drawing 6 is formed. 

[0042] Also in this case, if a reflective film is formed in the portion shown by the dotted 
line by methods, such as vacuum evaporationo, the dark current of photo diode can be 
reduced at the rear face (light source side) of the portion which remains as photo diode, 
and a S/N ratio can be improved into it to it. 

[0043] (Gestalt of other operations) In addition in this example, it is also possible it to 
instead form the thin film which can penetrate sufficient quantity of light by etching to 
a semiconductor substrate at a semiconductor substrate, although the light transmission 
mold transition lattice 31 of the semiconductor migration board 3 is a slit for open beam 
light passage, and it to use each thin film portion as a transition lattice. 
[0044] Moreover, as shown in drawing 3 , it is also possible to form the thin film portion 
which can penetrate sufficient light, and to use the thin film portion concerned as 
transition lattice 31 A by etching the portion by the side of the rear face of 
semiconductor substrate 33A in which photo diode 32A is formed. Such a transparent 
semiconductor photo detector is proposed in the specification of Japanese Patent 
Application No. No. 120848 [ ten to ] of April 30, Heisei 10 presentation at this invention 
person of one person, and the drawing. 

[0045] On the other hand, although the side in which the reflecting grating 41 is formed 
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is used as the fixed side in the above-mentioned example, it is also possible to turn on a 
reflecting grating 41 side concerned migration-side, and to use the semiconductor 
migration board 3 side as a fixed side. 

[0046] Moreover, although LED is used as the light source in the above-mentioned 
example, it is also possible to use the light source of others, such as the laser light 
source. 

[0047] Furthermore, although the above-mentioned example is related with a linear 
encoder, this invention is applicable similarly to a rotary encoder. In this case, what is 
necessary is to turn a light transmission portion and the portion of photo diode to a 
circumferencial direction, and just to form them at a fixed angle. 
[0048] 

[Effect of the Invention] As explained above, while forming in a photo detector the 
reflecting grating image which can detect the information about such relative 
displacement using a reflecting grating and a transition lattice based on three-sheet grid 
theory in the optical encoder of this invention, the configuration which made the 
transition lattice and the photo detector on the common semiconductor substrate is 
adopted. 

[0049] Therefore, what is necessary is just according to the encoder of this invention, 
not to arrange the photo detector as another components to the backside of a transition 
lattice, and to only arrange the light source to it Moreover, since the photo detector of 
the shape of a grid formed in the semiconductor substrate itself has the lens effect, a 
spatial filter encoder can be realized, without using lens optical system. Therefore, it is 
small and equipment can be used as a compact. 

[0050] Moreover, since the transition lattice is formed in a semiconductor substrate, 
there is an advantage that the grid of a minute pitch can be formed with a sufficient 
precision by the semiconductor manufacturing technology. 

[0051] Furthermore, there is also an advantage that installation of the components with 
which these reflecting gratings and a transition lattice are formed becomes easy, and 
constraint of the installation location of these components also becomes loose by the 
theory of a three-sheet grid since the contrast of a detecting signal does not fall by 
extensive ** of the gap of a reflecting grating and a transition lattice and fluctuation of 
the gap concerned. 



[Translation done.] 
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